INTRODUCTION {#S1}
============

Atrial flutter is a common arrhythmia that may cause significant symptoms, including palpitations, dyspnea, chest pain and even syncope. For five decades the mechanism of atrial flutter remained controversial with protagonists and antagonists of circus movement versus ectopic focus theories. The development of clinical electrophysiology in the 1970s and the observations made by many authors in various canine heart models supported the concept that flutter is a macro-re-entrant arrhythmia, often determined by a re-entrant circuit confined to the right atrium ([@R1]--[@R3]).

The atrial rhythm, during atrial flutter, is regular (250--350 beats/min) with little or no isoelectric interval on the ECG. The surface 12-lead ECG is helpful in establishing a diagnosis of atrial flutter at least for the common form due to counterclockwise reentry in the right atrium and the uncommon form with reverse activation sequence ([@R4]--[@R6]).

The first classification of atrial flutter was developed in 1970 by Puech et al ([@R7]) on the basis of the morphology of flutter waves on surface ECG. The authors classified atrial flutter as common (or typical), atypical and impure flutter. In the common form, there were predominantly negative F waves in inferior leads (II, III and aVF) and V6, with an atrial rate ranging from 250 to 330 b.p.m. In the atypical form, F waves were positive in inferior leads and V6, with the same rate as common atrial flutter. Impure flutter was defined as a transitional pattern between atrial flutter and atrial fibrillation, with an atrial rate \> 320 b.p.m. In 1977, Waldo et al ([@R8]) developed another classification of atrial flutter, mainly based on the atrial rate and on the possibility of interrupting arrhythmia with atrial pacing. Therefore, atrial flutter was divided into types I and II. Type I atrial flutter had an atrial rate of 240--340 b.p.m. and could be interrupted with overdrive atrial pacing. By contrast, type II atrial flutter had a faster atrial rate, between 340 and 430 b.p.m., and could not be interrupted with overdrive atrial pacing. Subsequent electrophysiological studies with mapping of the right atrium have demonstrated that type I typical flutter is caused by a macro-re-entrant circuit in the right atrium, which proceeds in a counterclockwise direction. By contrast, in type I atypical flutter, the macro-re-entrant circuit in the right atrium proceeds in a clockwise direction ([@R1]--[@R13]). Furthermore, the development of atrial mapping has also led to a better definition of the electrophysiological mechanisms of atypical atrial flutter.

In 2001 the European Society of Cardiology and the North American Society of Pacing and Electrophysiology ([@R9]) published a new atrial flutter nomenclature taking into consideration not only the ECG features, but also the electrophysiological mechanisms of the arrhythmia. In this classification the common and uncommon type I atrial flutter are called respectively typical and reverse typical. All the arrhythmias whose electrophysiological mechanisms are different from a macro-re-entrant circuit in the right atrium, which proceeds in counterclockwise or clockwise direction involving the CTI, are called atypical flutters.

More recently, Scheinman et al ([@R10]) provided an updated classification and nomenclature based on the most recent information on the electrophysiological mechanisms of atrial flutter derived from recently developed techniques of endocardial mapping ([Tab. I](#T1){ref-type="table"}). This classification is based only on electrophysiological mechanisms, without considering ECG features. It divides atrial flutter into right and left, depending on the cardiac chamber involved in the macroreentrant circuit. Right atrial flutters are then divided into CTI-dependent, if the CTI is involved in the circuit, or non CTI-dependent, if CTI is not involved. Within these two categories, various types of atrial flutter have been identified, depending on the precise location of re-entrant circuit. By contrast, left atrial flutter is classified only on the basis of circuit location.

TABLE ICLASSIFICATION OF ELECTROPHYSIOLOGICAL MECHANISMS OF ATRIAL FLUTTER (From ref. [@R10] modified)New classification of atrial flutter1) Right atrial CTI-dependent flutter  -Counterclockwise flutter (common)  -Clockwise flutter (uncommon)  -Double-wave reentry  -Lower loop reentry  -Intra-isthmus reentry2) Right atrial nonCTI-dependent flutter  -Scar-related flutter  -Upper loop flutter3) Left atrial flutter  -Mitral annulus flutter  -Scar and pulmonary vein-related flutter  -Coronary sinus flutter  -Left septal flutter

However, surface ECG may be particularly useful for the diagnosis of atrial flutter and it may provide relevant information for its classification. In fact, frequently it is possible to diagnose atrial flutter with a 12-lead surface ECG, looking for distinctive waves in leads II, III, aVF, V1. When flutter waves are not clearly visibile, slowing AV nodal conduction through vagal stimulation manoeuvers or drugs increasing AV conduction block like Verapamil, makes their recognition easier. Furthermore, the presence of clearly detectable flutter waves in inferior leads and D1 is highly specific (up to 90%) for CTI-dependent atrial flutter, while in patients with non-CTI-dependent re-entrant circuit the ECG features are less specific ([@R6], [@R9]).

RIGHT ATRIAL CTI-DEPENDENT FLUTTER
----------------------------------

### Counterclockwise flutter (common form)

The ECG is very helpful in establishing a diagnosis of right atrial cavo-tricuspid isthmus (CTI)-dependent flutter, mainly the common form due to counterclockwise re-entry in the right atrium. This is the most common type of atrial flutter and makes up about 90% of clinical cases. It is sustained by macro-re-entrant circuits in the right atrium supported by endocardial structures such as crista terminalis, eustachian ridge/valve (posteriorly) and tricuspid annulus (anteriorly). The activation wave front proceeds in a cranial direction over the right atrial septum, reaches the top of the right atrium, then descends on the right atrial free wall in a caudal direction, and finally reaches the space located between the low part of the right atrium and the atrial septum. The inferior area, called cavotricuspid isthmus, is the critical link of the circuit and it is the target of the radiofrequency (RF) catheter ablation procedure. Several investigators reported that RF energy applied in the isthmus between inferior vena cava and tricuspid valve isthmus is effective in eliminating the atrial flutter.

The creation of a line of block with RF application in the isthmus between the inferior vena cava (IVC) and the tricuspid valve annulus (TA), with documentation of bidirectional block during pacing in coronary sinus, is actually considered a success index of RF ablation of the right atrial CTI-dependent counterclockwise flutter and the electrophysiological end-point of the procedure ([@R11]--[@R19]) ([Fig. 1](#F1){ref-type="fig"}).

Fig. 1Electroanatomical map of right atrium showing the counterclockwise activation during atrial flutter. The activation sequence proceeds from red to purple.

In the right atrial CTI-dependent counterclockwise flutter an inverted F wave with a sawtooth pattern is observed in the inferior leads II, III, aVF, with low amplitude biphasic F waves in leads I and aVL, an upright F wave in lead V1, with transition to an inverted F wave in lead V6 ([Fig. 1](#F1){ref-type="fig"}). It is possible to confirm the 12-lead ECG diagnosis with an electrophysiological study with mapping and entrainment to demonstrate the counterclockwise sequence in the right atrium ([Fig. 2](#F2){ref-type="fig"}) ([@R20]).

Fig. 212-lead ECG recorded from a patient with the counterclockwise (CTI)-dependent flutter (common type). Note the typical saw-toothed pattern of inverted F waves in the inferior leads II,III, aVF. Counterclockwise right atrial flutter is also characterized by flat to biphasic F waves in I and aVL, an upright F wave in V1 and an inverted F in V6.

### Clockwise flutter (uncommon form)

In contrast, in the uncommon form of the right atrial CTI-dependent flutter the F wave pattern on the 12-lead ECG is less specific and variable. [Figure 3](#F3){ref-type="fig"} shows another episode of right atrial CTI-dependent flutter in the same patient of [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} during a RF ablation procedure ([@R6]). The activation sequence of this "reverse" version of flutter proceeds superiorly over the right atrial anterior and lateral walls and inferiorly over the right atrial posterior and septal walls.

Fig. 312-lead ECG recorded, during RF ablation procedure, in the same patient in [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}, now with the clockwise (CTI)-dependent form of flutter (uncommon type). The F wave, in this reverse form, may be manifested as the mirror image of the counterclockwise form with positive F waves in the inferior leads II, III, aVF, biphasic in leads I and aVL, negative deflection in V1 and an inverted F in V6.

Clockwise flutter makes up about 10% of clinical cases and has ECG findings that include positive F waves in the inferior leads II, III, aVF, and negative deflection in V1. During electrophysiological study the diagnosis of common or uncommon form of right atrial CTI-dependent flutter is suggested by observing a counterclockwise or clockwise activation pattern in the right atrium and around the tricuspid valve annulus.

The uncommon form of the right atrial CTI-dependent flutter is diagnosed electrophysiologically by demonstrating clockwise activation sequence around the right atrium and tricuspid valve annulus, with cranial to caudal activation in the interatrial septum and caudal to cranial activation in the right atrial free wall, the opposite sequence of that seen in the counterclockwise right atrial CTI-dependent flutter. Confirmation that the reentry circuit involves the inferior isthmus requires the demonstration, for the common and uncommon forms, of the classic criteria for entrainment, including concealed entrainment with tachycardia acceleration to the pacing cycle length without a change in the F wave pattern on the surface 12-lead ECG ([@R21], [@R22]).

### Lower loop reentry

Lower loop re-entry is a CTI-dependent flutter circuit that localises in the lower right atrium. Several endo-cavitary studies, using electroanatomic mapping CARTO system, documented that the circuit rotates around the inferior vena cava, either in counterclockwise or clockwise sequence, or around both the inferior vena cava and the tricuspid valve annulus resulting in a figure of eight double loop configuration ([@R23]--[@R25]). The surface 12-lead ECG findings are similar to those of counterclockwise or clockwise atrial flutter.

RIGHT ATRIAL NON CTI-DEPENDENT FLUTTER
--------------------------------------

Scar-related flutter and upper loop reentry flutter are macro-re-entrant circuits due to anatomic obstacles located outside the cavo-tricuspid isthmus.

Surgical atrial scars, especially due to cardiac surgery in congenital heart disease, are the anato-mopathological substrate of scar related circuits in right atrial non CTI dependent flutter ([@R14], [@R26]--[@R28]). Nakagawa et al ([@R28]) reported that areas of slow conduction in narrow channels within islands of scar set up reentrant circuits in the right atrial free wall. Radiofrequency catheter ablation of the critical corridors can eliminate the tachycardia.

The upper loop flutter is characterized by a critical circuit confined in the superior portion of the right atrium, and this circuit is non-CTI dependent ([@R26]--[@R30]). The diagnosis is possible only during an electrophysiological mapping study. The direction of rotation can be either counterclockwise with descending sequence in the free wall anterior to the crista terminalis or clockwise with ascending sequence in the free wall anterior to the crista. The surface 12-lead ECG shows no difference from the ECG in the counterclockwise or clockwise flutter.

LEFT ATRIAL FLUTTER
-------------------

The incidence of left atrial flutter in an unselected patient population is unknown. A structural heart disease in the left heart is frequently present in patients with left atrial flutter. The surface 12-lead ECG findings of left atrial flutter are often not specific to one particular tachycardia mechanism, making the analysis of atrial flutter based only on ECG problematic. Electrical silent areas are frequently identified in the left atrium by conventional and electroanatomic 3D mapping techniques during left atrial flutter, and similar areas in the posterior and anterior wall of the left atrium have been also found during sinus rhythm. Several studies have demonstrated that in most patients there is a fractionated atrial activation before the onset of stable atrial flutter and it is usual to observe right atrial nonCTI-dependent flutter or left atrial flutter in patients with untreated atrial fibrillation with periodic transition between the two arrhythmias. Frequently patients without structural heart disease and a history suggestive of paroxysmal atrial fibrillation may have evidence of atrial flutter triggering fibrillation episodes. The atrial flutter circuit is postulated to play a critical role in the initiation and maintenance of atrial fibrillation in some patients ([@R31], [@R32]).

The CARTO electroanatomic 3D mapping system provides important information to completely map and characterize left atrial flutter as well as providing precise localization of the ablation catheter and the graphical presentation of the ablation line.

### Mitral annulus flutter

This form is sustained by macro-re-entrant circuit in the left atrium that rotates around the mitral annulus either in counterclockwise or clockwise direction, supported by endocardial structures such as the mitral annulus anteriorly and low-voltage areas or scars posteriorly ([@R20], [@R33]--[@R35]).

The surface 12-lead ECG findings of mitral annulus flutter present low amplitude flutter waves in the inferior leads II, III, aVF, and positive waves in V1 and V2.

### Scar and pulmonary vein-related flutter

The re-entry circuit in this form involves one or more pulmonary veins in the posterior wall of the left atrium, especially in patients with mitral valve disease and sometimes after RF ablation procedure in the left atrium to cure atrial fibrillation ([Fig. 4](#F4){ref-type="fig"}). These circuits can have multiple loops and are related to regions with low voltage or scar areas. The radiofrequency catheter ablation is complex and requires a 3D electroanatomic mapping approach to demonstrate the circuit and to guide the ablation with several RF applications from a pulmonary vein to mitral annulus or to the opposite pulmonary vein. The surface 12-lead ECG shows low amplitude of the flutter waves in inferior leads with positive wave in lead I.

Fig. 4Surface ECG showing left atrial flutter in a patient who has undergone pulmonary vein circumferential ablation. There are evident F wave in precordial leads, without clearly detectable F waves in inferior leads.

### Left septal flutter

Recently several authors ([@R20], [@R36], [@R37]) reported a different form of left atrial flutter with circuit rotating around the fossa ovalis in counterclockwise or clockwise sequence.

The critical isthmus is located on the septum between the fossa ovalis and the pulmonary vein or the mitral annulus. The surface 12-lead ECG findings show prominent positive flutter waves only in V1 or V2 and diminished amplitude of atrial waves in the other leads. The use of 3D mapping systems can improve the correct diagnosis of the flutter and may provide precise localization of the circuit to guide the ablation.

ECG AS A GUIDE FOR TREATMENT OF ATRIAL FLUTTER
----------------------------------------------

The ECG classification of atrial flutter may be useful in order to identify the electrophysiological mechanisms of the arrhythmia. In fact, the presence of clearly detectable flutter waves in inferior leads and D1 is highly specific (up to 90%) for CTI-dependent atrial flutter, while in patients with non-CTI-dependent re-entrant circuit the ECG features are less specific ([@R6], [@R9]). Furthermore, a correct interpretation of 12-lead ECG may be useful in order to choose the most appropriate approach for interventional therapy. In fact, patients with CTI-dependent atrial flutter may benefit from linear ablation of the inferior CTI with a purely anatomical approach ([@R12]). By contrast, the interventional procedures for the treatment of non-CTI-dependent arrhythmias are much more complex and longer in duration, requiring an extremely accurate mapping of the atria with either entrainment technique, electroanatomical 3D mapping or both, in order to correctly localize the re-entrant circuit and the target site for radiofrequency energy delivery ([@R28],[@R33]). Specifically, the electroanatomical 3D mapping with CARTO system makes it possible to obtain information about the anatomical details of cardiac chambers, the direction of wavefront propagation and the voltage amplitude, so detecting the presence of scar areas.

### Right atrial CTI-dependent atrial flutter

Radiofrequency catheter ablation of the CTI through a purely anatomical approach is a very effective procedure for treatment of CTI-dependent right atrial flutter. Several studies have reported a procedural success rate of about 80--85%, significantly higher than that obtained with pharmacological antiarrhythmic therapy ([@R38]--[@R40]). Successful ablation requires complete interruption of the isthmus obtained by a linear lesion from the inferior vena cava to the inferior side of the tricuspidal ring, with bidirectional conduction block. The conduction block should be assessed at the end of procedure demonstrating a counterclockwise septal to lateral activation when pacing from the proximal coronary sinus, and a clockwise lateral to septal activation when pacing from the low lateral side of the right atrium ([Fig. 5](#F5){ref-type="fig"}) ([@R41]). However, newer methods for the assessment of conduction block, including for example looking for double atrial potential along the ablation line or performing pacing protocol during isoproterenol infusion, have reduced the recurrence rate to about 5% ([@R42], [@R43]). Furthermore, even though radiofrequency ablation of CTI has a very high efficacy when performed with conventional techniques, the electro-anatomical mapping with CARTO system may increase the success rate in patients with significant distortion to the right atrial anatomy (eg, after heart transplant or after surgery for congenital heart disease) ([@R44]).

Fig. 5Electroanatomical map of right atrium after ablation of the CTI. Red dots represent the line of ablation. Furthermore, in this figure the assessment of conduction block across ablation line is documented (176 ms odf delay between the red and purple colours)

### Right atrial non CTI-dependent and left atrial flutter

Radiofrequency ablation of non CTI-dependent atrial flutter is generally more difficult than that of CTI-dependent circuits. In these cases it is very important to correctly localize areas of low voltage or conduction block within atrial chambers. These areas may act as anatomical obstacles for macro-re-entrant circuits, which may be better identified by the use of electro-anatomical mapping techniques. The target site of radiofrequency ablation is usually the "critical circuit isthmus", defined as the narrowest part of the macro-re-entrant circuit ([@R28], [@R33]).

The majority of non CTI-dependent atrial flutters are detected in patients who have undergone surgery for congenital heart disease (mainly atrial septal defects), with macro-re-entrant circuits rotating around the atriotomy scars ([@R28]). The success rate of radiofrequency ablation reported in this kind of patient is between 50 and 88% ([@R45]). Iatrogenic non CTI-dependent atrial flutter has also been detected in patients who underwent pulmonary vein isolation for treatment of atrial fibrillation ([Fig. 6](#F6){ref-type="fig"}). In these cases the macro-re-entrant circuit runs through conducting channels between islands of scars around the pulmonary veins, and targeted ablation of these channels can eliminate the arrhythmia ([Fig.7](#F7){ref-type="fig"}) ([@R46], [@R47]). Furthermore, Pappone et al ([@R48]) reported that a modified circumferential pulmonary vein ablation technique, including additional ablation lines on posterior wall and the mitral isthmus, is associated with a reduced risk of atrial flutter and atrial tachycardia after pulmonary vein ablation (3.9% vs. 10%) ([Fig. 8](#F8){ref-type="fig"}).

Fig. 612-lead ECG recorded in a patient who had undergone pulmonary vein ablation for atrial fibrillation. The ECG shows the presence of atrial flutter with positive F waves in inferior and precordial leads.

Fig. 7Electroanatomical 3D mapping obtained in the same patient in [Figure 6](#F6){ref-type="fig"}, with voltage map of the area surrounding the superior right pulmonary vein. The voltage map shows the presence of a critical isthmus within the previous ablation line. RF energy delivery in this area interrupted the arrhythmia.

Fig. 8Ablation of left atrial isthmus between inferior pulmonary vein and mitral anulus (ablation line in red dots) in a patient with atrial flutter after pulmonary vein circumferential ablation for atrial fibrillation.

CONCLUSIONS {#S2}
===========

The traditional classification of atrial flutter is based especially on the surface ECG. However, various types of atrial flutter have been described and there has been a considerable amount of confusion in using the old classification. Furthermore, electrophysiological mapping studies and the entrainment pacing technique have aided the definition of the mechanism of arrhythmia with the activation sequence, providing information on the timing of intra-atrial events with respect to the surface ECG, especially for the non CTI-dependent atrial flutter. New developments in endocardial mapping, including the electroanatomical 3D mapping system, have greatly expanded our understanding of the mechanism of arrhythmias, making a new classification necessary. It is obvious that in this new classification the surface ECG does not provide a precise understanding of all atrial flutters. In fact, the electrocardiographic pattern is often the same for different mechanisms of atrial flutter. For example, the surface ECG in upper loop re-entry right atrial flutter is the same as in clockwise or counterclockwise CTI-dependent atrial flutter and, in left atrial flutter, the electrocardiographic pattern does not show significant modifications according to the different electrophysiological substrates of dysrhythmia. However, as discussed above, ECG can help to guide diagnosis and consequently treatment mainly in CTI-dependent right atrial flutter.

Radiofrequency catheter ablation has an enormous potential for the definitive cure of atrial flutter and, from surface ECG, it may be possible to predict if the flutter is amenable to ablation and the type of approach that may be necessary.

However, further study will be needed in order to more precisely identify correlations between the locations of the different electrophysiological types of reentrant circuit and the electrocardiographic features.
